Hieracium cyathis (Ley) W. R. Linton (Asteraceae), Chalice Hawkweed, is a rare species endemic to Britain. It is a distinct member of Hieracium Section Oreadea, characterized by a short acladium and out-curved tips to the phyllaries. Historic records and current field survey indicate it has occurred in two localities in SW England and seven in South Wales. It is still present in all sites except for one Welsh locality, is significantly threatened at Cheddar Gorge, and two Welsh sites have only three plants each. Comparative morphology, cultivation experiments and amplified fragment length polymorphism (AFLP) analysis do not support the reported differences between material from SW England and Wales. AFLP analysis showed that every plant in the field was genetically similar but different, and minor genetic variation was found in one progeny array. It is a triploid (2n = 27) with apomictic seed production, and 26% potentially viable pollen. It qualifies as 'Near Threatened' under the 2001 IUCN threat criteria. General guidelines for conservation of microspecies of Hieracium are discussed.
INTRODUCTION
In the British Isles, there are currently over 2200 species of native flowering plants and ferns (Kent, 1992; Stace, 1997; Sell & Murrell, 2006) . Of these, about one third are 'critical taxa', that is groups of species that are difficult to identify, many of which belong to large genera which reproduce by apomixis (e.g. Hieracium, Limonium, Taraxacum, Rubus, Sorbus; Rich, 2001 ). Many of the critical taxa are endemic and restricted to a few sites, and they encompass a significant, unique proportion of Britain's biodiversity. Unfortunately, the current status of the majority of these endemic critical taxa, and therefore their priorities for conservation, are poorly known, and consequently they are neglected by conservationists (Rich, 2006) .
In Britain, conservation of apomictic critical taxa has unfortunately taken second place to conservation of ordinary sexual species (Rich, 2006) . For instance, Cheffings & Farrell (2005) published IUCN Threat Categories for the British flora, but included only c. 10% of the Hieracium species although good quality, recent data were available for more (e.g. Rich, 2000 Rich, , 2002 Rich, , 2005 . Apomictic taxa have not been regarded as of the same status as classic sexually reproducing species because of their lower genetic diversity (e.g. as argued by M. C. F. Proctor for Sorbus in Wigginton, 1999) . As a consequence of their perceived lower status and often reputedly unclear taxonomy, the quality and quantity of information available about them for conservation is usually limited. Despite this lack of data, there has been an increasing acceptance of the importance of critical genera to biodiversity, and Stace (1998) argued cogently that they should have the same status as ordinary species.
Among apomictic genera, the genus Hieracium (Asteraceae) is probably the major contributor to the plant red data books of north and central Europe (Schuhwerk, 2002) . Hieracium L. sensu stricto is a genus of perennials distributed mainly in temperate regions, with a few sexual diploids and numerous apomictic polyploids. Hieracium species probably evolved through several hybridization events involving diploid ancestors, most of which are extinct today (Stace, Gornall & Shi, 1997; Štorchová et al., 2002) . These ancient hybrid populations evolved in isolation and can be found today in scattered patches of alpine habitats and on mountain cliffs in various parts of Europe, often in very small populations. Individual populations are usually morphologically uniform, but inter-population variability is more difficult to interpret. This gives rise to a debate about whether plants from these different populations should be treated as different species as they are reproductively isolated, or whether they are they similar enough to be grouped together. There are many threats to survival of these taxa, including the destruction of their habitats and changes in landscape management.
The major problem for conservation of critical Hieracium species is the lack of knowledge about the species delimitation, distribution, ecology and threats. In addition, conservation strategies required for apomictic taxa may differ from sexual species because of the different way that genetic variation is held and passed on within populations. Although most taxa from north Europe are assumed to be apomictic, only for relatively few species have chromosome numbers or apomictic reproduction been established. Genetic variation has been detected within some polyploids (e.g. Shi et al., 1996; Stace et al., 1997) .
In the British Isles alone there are more than 400 species of Hieracium (Sell & Murrell, 2006) , 79 of which are rare and restricted to single or very few localities (Wigginton, 1999) . This research is focused on one of the rare species, Hieracium cyathis (Ley) W. R. Linton (Section Oreadea (Fr.) Arv.-Touv.), Chalice Hawkweed, an endemic known from a few limestone cliffs in South Wales and the Mendips in South-west England (Sell & West, 1968) . It was first described as Hieracium hypochaeroides Gibson var. cyathis Ley by Ley (1898) , and was subsequently raised to a species by Linton (1905) . Morphologically it can be easily identified by the glaucous, purple-spotted, ovate, nearly entire leaves, the few-flowered, lax synflorescence which often has a secondary capitulum branching off at right angles immediately below the main capitulum (i.e. a short acladium), and the chaliceshaped buds (hence the Latin and English names) caused by the young phyllaries curving outwards at the apex (Fig. 1) . It has been suggested that the plants from the Mendips are smaller in statue than those from Wales (Pugsley, 1948; Sell & West, 1968) , but this has not been investigated experimentally.
In this multidisciplinary study, we aim to summarize the information needed for conservation of H. cyathis; fuller details are given in our unpublished reports, which are also available on request (Rich & McDonnell, 2001; Rich & Lledó, 2003) . The current distribution, population sizes and habitats were collected from field data. Cultivation and genetic studies were performed to investigate the reported differences between the Mendips and Welsh populations, augmented by cytological and reproductive biology studies to help interpret the genetic variation. In order to establish species genetic boundaries, sam- (Pugsley, 1948) . In addition, general guidelines for conservation of microspecies of Hieracium are discussed.
MATERIAL AND METHODS

DISTRIBUTION AND ECOLOGY
Locality and habitat information in the literature and on herbarium material at BM, BRISTM, CGE, E, LIV and NMW were compiled with some additional information from BIRM and MANCH (herbarium acronyms follow Kent & Allen, 1984 Pugsley, 1948; Sell & West, 1968) , stem height and number of capitula per stem were compared. As many plants grow in inaccessible locations on cliffs, it is difficult to obtain comparable measurements of plant height. As the original observations about differences in statue between Cheddar and Welsh plants were probably based on herbarium material, the stem heights of 154 specimens of H. cyathis held in BM and NMW were measured. As the herbarium collections may not necessarily have been representative of plants in the wild, the number of capitula per stem were counted in the field using binoculars as a proxy measure of height (there is a strong positive correlation between height of stem and number of capitula). Quasirandom samples of the number of capitula per largest stem per plant were counted for five populations in the field.
To test whether plants from the Mendips were smaller than those from South Wales in cultivation, seeds from plants at Charterhouse and Craig-y-nos were sown in standard potting compost and grown for 2 years in an unheated greenhouse at the National Botanic Garden of Wales. Some 1-year-old plants from Cwm Clydach were also measured. The sample sizes were very small to avoid compromising populations in the wild through collection. CHROMOSOME COUNTS Chromosomes were counted in plants held at National Botanic Garden of Wales: one plant from Craig-y-nos (NBGW 2001 0886), one from Cwm Clydach (NBGW 2001 1125) and one unlabelled plant of unknown origin. Tips of actively growing roots were collected mid-morning and pretreated in an 8-hydroxylquinoline solution for 20-24 h in the fridge. They were then fixed in a 3 : 1 mixture of absolute ethanol : glacial acetic acid (v/v) and stored until needed in the fridge. Tips were then hydrolysed in concentrated 5 N HCl for 10 min at room temperature (20°C), and then stored in 70% industrial methylated spirit. Meristems were dissected out in 45% acetic acid, and squashed between a microscope slide and coverslip in 0.1% aceto-orcein stain with brief flame treatment.
REPRODUCTIVE BIOLOGY
The mode of reproduction was tested for the plants whose chromosomes were counted (cf. above). In a glasshouse, the upper half of two flower buds on each plant were excised to remove anthers and stigmas, and then buds were covered with muslin for 1 week to prevent pollination from other sources. Control buds on the same stem were selected but left unbagged. Plants producing seeds after this excision were considered apomictic. Photographic vouchers are in NMW.
Potential pollen viability was investigated in herbarium material using Alexander's stain (Alexander, 1969) . Anthers were removed from mature but unopened florets with tweezers under a low-power binocular microscope, placed on a slide with a drop of Alexander's stain, warmed briefly on the hotplate, and then broken up with the tweezers. The preparation was then covered with a coverslip and replaced on the hotplate to improve the uptake of the stain. The slides were then examined under a high-power microscope for areas of dense pollen grains. Potentially viable grains were counted as those which were large and round, with cell walls which stained green, and with cytoplasm inside which stained uniformly bright red. Small deformed grains or those staining green only with very little or no red staining inside (i.e. no cytoplasm) were considered infertile. Counts were made on two florets from each capitulum.
GENETIC VARIATION
Leaf material from 26 individuals from four populations across the distribution range of H. cyathis was collected into silica gel (Chase & Hills, 1991) . DNA samples were also collected from two other species growing at the same sites, H. pellucidum and H. riddelsdellii. A mature capitulum of H. cyathis was collected and seeds germinated under controlled conditions in the glasshouse and eight seedlings analysed. The populations sampled are listed in Table 3 .
DNA was extracted using a modified 2¥ CTAB (cetyl trimethyl ammonium bromide) method (Doyle & Doyle, 1987) followed by a purification with QIAquick silica columns (Qiagen) according to manufacturer's protocols. Amplified fragment length polymorphism (AFLP) reactions were performed using the standard protocols in the AFLP TM Plant Mapping Kit of Applied Biosystems Inc. (ABI). After an initial primer trial, three primer pairs were selected (EcoR1-ACA, Mse1-CAC; EcoR1-AAG, Mse1-CAG; EcoR1-ACC, Mse1-CTG). The DNA fragments were detected on an ABI 3100 genetic analyser. AFLP fragments ranging from 50 to 500 bp (base pairs) were scored as either absent (0) or present (1) using GeneScan 2.01 software (ABI).
Genetic diversity within species and populations was evaluated as percentage of polymorphic loci (P), gene diversity (Nei, 1987) and Shannon index (Shannon & Weaver, 1949) , using Popgene 1.31 (Yeh, Yang & Boyle, 1999) . Analysis of molecular variance was conducted with Arlequin 2.00 (Scheider, Roessli & Excoffier, 2000) . The hierarchical analysis was conducted at three different levels: (1) among species; (2) among populations; and (3) within populations. Phenograms representing genetic relationships among individuals were constructed using the UPGMA algorithm in PAUP 4.0d64 (Swofford, 1998) and by principal coordinate analysis (PCOA) in the R package for Multivariant Analysis version 4.0 (Casgrain & Legendre, 1999 ) using Jaccard's coefficient.
RESULTS
DISTRIBUTION AND ECOLOGY
Hieracium cyathis has been recorded in nine sites in three vice-counties (V.c. 6, North Somerset, V.c. 42, Breconshire and V.c. 44, Carmarthenshire). A distribution map is given in Figure 2 .
CHARTERHOUSE, SOMERSET, ENGLAND
Hieracium cyathis was first reported from Ubley Warren, Charterhouse by G. G. Graham in 1963. In 2000, 86 plants were counted on metamorphosed limestone rock exposures associated with Roman lead workings.
CHEDDAR, SOMERSET, ENGLAND
Cheddar Gorge is a deep gorge carved out of Carboniferous Limestone on the Mendips, with massive cliffs on the south-east side, and broken cliffs and screes on the north-west side. Hieracium cyathis was first collected in Cheddar in 1839 by C. C. Babington, and has been collected repeatedly since after E. F. Linton drew attention to the gorge in about 1890. Ley (1906) Marshall (1914) recorded it in 'good quantity'. However, by 1983 it was only recorded in three places (Bevan, 1985; FitzGerald & McDonnell, 1997) (Rich & McDonnell, 2001 Hieracium cyathis occurs on natural cliffs and on quarry faces, usually on steep or nearly vertical rocks, and also in open calcareous grassland and on screes were it tends to be grazed and flowers poorly. Plants mostly root directly into rock crevices with no apparent soil, or grow on shallow, narrow ledges and on shallow brown rendzinas over shattered rocky outcrops. The soil pHs measured were Cheddar 7.3, Craig y Cilau 7.2 and 7.5, Charterhouse 7.4 and Craig-y-nos 7.2. Although we have not analysed it, it is likely that the soil at the Charterhouse Roman lead mines is contaminated with heavy metals.
Hieracium cyathis grows best in open conditions but will also grow in partly shaded situations and, where it did occur under trees, the canopy usually cast shade from above but not from the side. It can tolerate at least light shade. Observations at Cheddar, Charterhouse and Craig y Cilau indicate that it is tolerant of drought. In 2000, significant numbers of plants were seriously affected by powdery mildew in the damp summer, and mildew also affects plants in cultivation.
The most frequent associated species recorded in the 15 quadrats were Festuca ovina L. (13 quadrats), Solidago virgaurea L. (9 quadrats), Trichostomum brachydontium Bruch (7 quadrats), and Asplenium ruta-muraria L., Campanula rotundifolia L., Neckera crispa Hedw. and Thymus polytrichus A. Kern. ex Borbás (6 quadrats). Most typically, H. cyathis occurs in small groups, in short (mean 8 cm tall, range 2-20 cm), open vegetation with low cover (mean 19% cover, range 1-90%), but sometimes also occurs in more closed, grassy vegetation on some of the less steeply sloping outcrops. In terms of British Plant Communities (Rodwell, 1991 (Rodwell, -2000 
COMPARATIVE MORPHOLOGY
The height of herbarium specimens measured is given in Table 1 for each site. Excluding Craig-y-nos, for which there was only one specimen available, there was virtually no difference in mean height, and oneway ANOVA of a random subset of 33 plants from each site showed no significant differences in height (F = 0.03, P > 0.9, 2 d.f.). There was a large range in size of plants at all three sites, with little differences between the ranges (Table 1 ). Plants at Craig-y-nos were the smallest in the field (unfortunately this was not quantified), which was attributed to the very exposed, open, upland situation. Table 2 shows the number of capitula per largest flowering stem for five populations in the field. There are significant differences between sites (one-way ANOVA, F = 8.05, P > 0.001 for sites with n = 12 or more) but there was no clear pattern related to geography. The Charterhouse plants had the most capitula.
In cultivation (data not presented; see Rich & Lledó, 2003) , there were no differences in size of plants, all of which were c. 20-25 cm tall. The Charterhouse plants have slightly smaller leaves than the Craig-y-nos plants but there was a large overlap in size and they are not significantly different (T-test P > 0.1 but very small sample size). The number of capitula is almost the same in cultivation as in the field for the Charterhouse population, but increased for the Craig-y-nos population. These results suggest that the reported size variation is of environmental rather than genetic origin. However, plants from the lowland Charterhouse flowered about 10-14 days before the upland Craig-y-nos plants, perhaps indicating some local genetic differentiation.
CHROMOSOME COUNTS
The chromosome number was 2n = 27 (triploid) in the three H. cyathis plants investigated.
REPRODUCTIVE BIOLOGY
Hieracium cyathis is a perennial, probably living for at least 10 years and possibly considerably more; some plants in rock crevices had long stems with many whorls of old leaf scars terminated by the current years' rosettes. The main flowering period is from late May to early June, with most seed being shed by the end of the July. It may sometimes flower again in late summer. Plants produce 1-6 flowering stems, typically with a total of 3-16 capitula. It produces abundant fruit in the wild; the mean numbers of seeds in six capitula from Craig y Cilau was 36 (range 26-69). The seeds have a small pappus and are wind dispersed, and seed germinates readily in cultivation, at least when fresh.
Seed was produced from both the excised and control capitula in all three plants, indicating that the mode of reproduction is apomixis.
Potential pollen viability is given in Table 3 . There was variation both within a capitulum and between plants. The overall mean of 26% is relatively high for a triploid, compared with the 15 other Hieracium species so far investigated (data not presented).
GENETIC VARIATION
AFLP profiles were generated for 42 samples. A total of 477 bands were scored of which 438 (91.8%) (Fig. 3) . The only population grouping together is the progeny array. Samples from H. cyathis grouped separately from H. pellucidum and H. riddelsdellii, which, similarly, showed genetic variation between individuals from the same site. This lack of population structure is also reflected in the plot of the first and second principal component from PCOA, which accounts for 16.95 and 11.25% of the variation, respectively (Fig. 4) .
DISCUSSION
Hieracium cyathis is present in eight sites with a total population of at least 1328 plants, and has been lost from one site. Three populations have fewer than 10 plants and are highly vulnerable (the Cheddar population in particular seems highly threatened), and only one population has more than 1000 plants. However, compared with some other endemic Hieracium species studied recently (e.g. Tennant & Rich, 2002; Rich & Hand, 2003; Hutchinson & Rich, 2005 ) the overall population size is relatively large. The ecology is fairly typical of many similar Hieracium species, other than its probable occurrence on heavy metal contaminated soils at Charterhouse. The absence of H. cyathis from suitable sites within the existing distribution range (e.g. the Avon Gorge or the Wye Valley) may be simply as a result of chance. The different sizes reported for English and Welsh plants (Pugsley, 1948; Sell & West, 1968 ) cannot be confirmed from the measurements taken from herbarium specimens. The size of the plants is more related to habitat conditions and is therefore phenotypic in origin, as also indicated by the cultivation experiments. Plants growing in open, sunny slopes are usually of smaller size.
The triploid chromosome number and the production of seeds by emasculated capitula confirm apomictic reproduction in H. cyathis. Excluding the diploid H. umbellatum, most of the microspecies from the British Isles that have been counted are triploid or tetraploid, or rarely pentaploid (BSBI Cytological Catalogue: http://rbg-web2.rbge.org.uk/BSBI), but very few have been tested for mode of reproduction.
Asexuality has been regarded as a factor that reduces genetic variation. Clonal reproduction is supposed to yield homogenous populations, with little variation among individuals. For this reason, apomixis has been labelled as an evolutionary 'dead end', in which homogeneous populations have few chances to change. The only possible sources of variation are new mutations, subsexual reproduction, or a system in which the polyploid apomicts are constantly recreated from their diploid parents. In the case of Hieracia in Britain, the latter possibility is unlikely, as diploid sexual populations are rare or very restricted in northern Europe. Mixed populations of triploids and sexual diploids have been documented in central Europe (Chrtek, 1997) and, in these cases, hybridization via pollen from apomictic plants can be a source of variation. Hybridization between mixed populations of diploids and triploids has also been confirmed in the diplosporus apomictic genus Taraxacum (Van Der Hulst et al., 2000 , 2003 . Pollen production in apomicts is usually lower than in sexual plants. Hieracium species are often reported not to produce pollen (Pugsley, 1948) , but our observations in the field and herbarium indicate that some, but not all, species do produce pollen. The role of pollen in seed production, if any, remains to be investigated depending on how strictly apomictic the breeding system is, but the production of some potentially viable pollen indicates evolution through hybridization could still be occurring. Despite some apparently normal production of pollen, subsexual reproduction could be also difficult to explain, as triploids producing pollen can act as paternal donors, but still a diploid population would be needed as a maternal parent. The high levels of genetic variation recorded should be the result of accumulation of occasional mutations or somatic recombination.
Clonal species with predicted low levels of variation are supposed to have low ability to colonize new environments. Despite their lack of plasticity, several European apomictic species of Hieracium have been catalogued as invasive weeds in New Zealand and America (Chapman, Robson & Pearson, 2004) . These invasive populations arrived in New Zealand a century ago and spread from a small number of seeds. Because of the founder effect, these populations are supposed to be genetically uniform, but all individuals sampled possessed unique genotypes. Compatibility analysis also proved that most of the variation could be as a result of recombination, and in a smaller proportion to mutation. Whether this Figure 3 . UPGMA phenogram of all analysed samples based on AFLP fingerprints. Labels for populations/species correspond to abbreviations in Table 4. recombination was sexual or somatic was more difficult to assess.
The limited variation found on the progeny of a single plant could be the cause of high genetic diversity among triploid Hieracium populations. Punctual mutations, although rare, accumulate in asexual systems, leading to highly variable populations that show little genetic structure. Bengtsson (2003) showed that a small number of sexually produced individuals per generation are enough to maintain high levels of variation in a mainly asexually reproduced species. Although truly sexual encounters are probably non-existent in Hieracium, somatic recombination and even punctual mutations (not investigated by Bengtsson, 2003) could eventually lead to the same effect. However, the small variation found could be also because of technical errors in the method. The error levels detected for AFLPs account for about 1.3-2.6% of variation, higher than the levels found in the progeny (Bonin et al., 2004) .
CONSERVATION OF HIERACIUM CYATHIS
Hieracium cyathis probably qualifies best as 'Near Threatened' under the IUCN (2001) criteria because of the three very small populations that are under threat. It is difficult to estimate population trends because of the fragmented inconsistent nature of the historic data available, but there appear to be declines at the two sites where H. cyathis has been best recorded. There is a clear marked decline at Cheddar, from it being quite abundant 100 years ago to very few plants in 2003. The increase in scrub and woodland on the cliffs and grassy slopes since the 1950s has reduced the area of suitable habitat, which, since 1988, is being addressed through the large scale programme of scrub and woodland control. However, grazing pressure by feral soay sheep since 1992 may have contributed to the reduction in H. cyathis and other hawkweeds. The decline at Craig y Cilau NNR may be as a result of a greater intensity of sheep grazing. The current population estimates give a baseline for monitoring future trends, although the estimates should be regarded as minima as it is difficult to carry out thorough surveys as H. cyathis usually occurs on relatively inaccessible cliffs with other Hieracium species.
There appear to be few significant threats to the species as most plants occur on relatively inaccessible rocks and most of its habitats require no manage- Table 4. ment. The only site where it seems to be under significant threat is at Cheddar. Hieracium cyathis has no direct legal protection. All its sites receive protection either through being in the Brecon Beacons National Park or the North Somerset and Mendip candidate Special Area for Conservation, and all but two populations occur in Sites of Special Scientific Interest. Over half of the total known population occurs in Craig y Cilau National Nature Reserve. These designations give a large degree of protection to the sites, and thus indirectly to H. cyathis.
Seeds of H. cyathis from Craig y Cilau and Darren Cilau have been deposited in the Millennium Seed Bank at the Royal Botanic Gardens, Wakehurst Place for long-term storage. Material from Craig y Cilau, Craig-y-nos, Cwm Clydach, Charterhouse and Cheddar is being grown at the National Botanic Garden of Wales from seed with a view to depositing further material into the seed bank.
CONSERVATION OF HIERCAIUM MICROSPECIES IN GENERAL
Temperate areas of the Northern Hemisphere, although poor in endemic species in the traditional sense, are rich in taxonomically complex genera, where species delimitation is generally deficient. These complex genera share characteristics, such as having a hybridogenous origin, polyploidy and reproductive strategies that involve apomixis or self-fertilization. The distribution of ploidy levels (polyploids in the north, diploids in the south) and breeding systems (sexuals in the south, apomicts in the north) seems to be related to early quaternary history, where new niches were easily occupied by self-fertile plants. Studying current distribution areas has also been used in phylogeographical studies (Tyler, 2000) .
One of the major problems for conservation agencies is to decide whether or not apomictic asexual populations require assessing for an IUCN Threat Category and conservation action; our opinion is that they do. The apomicts include many endemics, they contribute substantially to the local species richness and biodiversity, and to all extents and purposes they function just like every other species in the field. To treat apomicts differently simply because they are at one end of the wide variation in reproductive strategies (Stace, 1998 ) is illogical and their conservation requirements need to be assessed accordingly. Cheffings & Farrell (2005) included the smaller apomictic genera (e.g. Sorbus) in full for their conservation risk assessments for Britain but the large genera were covered superficially with no mention of some species -these were not even categorized as 'Data Deficient', which might have stimulated collection of data.
Within large groups, drawing a specific plan for each microspecies is not cost-effective. Hieracium is a complex taxonomic genus, and many microspecies can be only identified by a handful of experts. As a result, there is limited information on distribution, population size, etc., available for many microspecies, and what information is available is frequently out of date (Rich, 2006) . Treating taxonomically complex groups as single units can also be ineffective, as it would be difficult to accommodate in a single conservation plan microspecies that have diverse ecological requirements or distribution patterns. Conservation science should be focus on both conserving the processes and the taxa (Robertson & Sydes, 2006) , and deciding whether the taxa or the process is more crucial depends on the specific characteristics of the group. Ennos, French & Hollingsworth (2005) suggested, that in cases dealing with taxonomically complex groups, the process should prevail.
Conservation strategies have been outlined for other taxonomically complex groups such as Sorbus (Robertson, Newton & Ennos, 2004) or Euphrasia (Ennos et al., 2005) in the British Isles. For these two genera, hybrids are continuously recreated from their diploid parentals in situ. The approach taken in both cases was the conservation of habitats rather than taxa, which would include both the hybrids and the parentals, guaranteeing the possibility of introgression and hybridization, and therefore conserving the process (Ennos et al., 2005) . The absence of diploids in the British Isles that could regenerate the triploid variability in Hieracium makes our case slightly different, although the approach could be similar. Extant Hieracium populations seem to be the result past, probably postglacial, reticulated evolution (Štorchová et al., 2002) . The genetic isolation of morphologically recognizable units seems to be established as cohabiting microspecies, although genetically they may cluster closely but separately. Conserving the process will require the establishment of 'hotspots' (Ennos et al., 2005) , areas rich in microspecies of Hieracium that will ensure the survival of the genetically diverse groups. Efforts should be focused on identifying these hotspots by surveying populations. The first approach should be to review the existing information and then resurvey the hotspots for up-to-date information. In addition, the apomictic nature of these plants needs to be confirmed as this information is crucial to assess their conservation needs. Although extending genetic studies to many microspecies could be costly, the genetic information already collected for a few taxa can be used as a guideline for other microspecies with similar characteristics, and determination of apomixis by bud excision is a cheap, practical alternative. Chromosome counts also provide valuable informa-tion. Understanding the process is also crucial to effectively conserve this biodiversity. The combination of surveys, breeding and genetic studies could be better applied to reveal the mechanisms generating the variability rather than being used to delimitate species boundaries.
The small population sizes of some of the apomictic taxa suggest the maintenance of ex-situ collections in Botanic Gardens and seed banks is essential. Plant material used for ex-situ conservation should match the variability found in situ. The general rule for apomictics has been historically to collect few seeds under the assumption they would be clonal. The variability found in H. cyathis is not an isolated case, but seems to be widespread in Hieracium Štorchová et al., 2002; Chapman et al., 2004; Peckert, Chrtek & Plačková, 2005) , and ex-situ procedures should accommodate these findings by collecting from a much wider range of plants and populations to encompass the genetic variation.
